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Abstract 
Accurate scatterometry and ellipsometry characterization of non-perfect thin films and nanostructured 
surfaces are challenging.  Imperfections like surface roughness make the associated modelling and 
inverse problem solution difficult due to the lack of knowledge about the imperfection on the surface.  
Combining measurement data from several instruments increases the knowledge of non-perfect 
surfaces.  In this paper, we investigate how to incorporate this knowledge of surface imperfection into 
inverse methods used in scatterometry and ellipsometry via Rigorous Coupled Wave Analysis. Three 
classes of imperfections are examined. The imperfections are introduced as periodic structures with 
super cell periods ten times larger than the simple grating period. Two classes of imperfections concern 
the grating and one class concern the substrate. It is shown that imperfections of a few nanometers can 
severely change the reflective response on silicon gratings. Inverse scatterometry analysis of gratings 
with imperfections using simulated data with white noise has been performed.  The results show that 
scatterometry is a robust technology that is able to characterize grating imperfections provided that the 
imperfection class is known. 
Introduction 
In modern industry, there are growing 
needs for testing materials with micro- and 
nanometer structures that can reproduce 
fascinating effect from nature. These structures 
may be used to create structural color from 
diffraction or plasmonic effects without using 
paint, and therefore lowering the impact on the 
environment [1]. These structures are usually 
examined using atomic force microscopy, 
scanning electron microscopy or spectroscopic 
scatterometry [2]. Of these methods only 
spectroscopic scatterometry is capable of fast, 
in-line, nondestructive, noninvasive 
measurements [3]. However, spectroscopic 
scatterometry currently requires high quality 
structures and is therefore only widely used in 
the semi-conductor industry [4] . Hence, a non-
contact method that can handle textured 
surfaces with roughness and defects would be 
attractive. Angular resolved scattering (ARS) is a 
light scattering method that has been proven to 
be able to analyze surfaces with nano- and 
micro roughness [5–7] as well as textured 
surfaces [12-14]. However, very little work has 
been done on combining the ability of ARS to 
study roughness and textured surfaces.  In this 
paper, we present a theoretical study that 
examines the sensitivity of ARS to line gratings 
with defects and roughness.  
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As a trend, the signal change is higher 
for larger imperfections, which is expected. The 
simple defect is found to have the lowest 
impact on the diffraction signal. This is not 
surprising, since only a tenth of the grating lines 
variy from the perfect grating. For the 
sinusoidal grating defect, the shape of the 
signal resembles the signal of the simple defect, 
however, the changes are much larger. For the 
largest magnitude of this defect class, we see 
that the reflection is amplified for small angles. 
Looking at the sinusoidal substrate defect, we 
see that the defects are impactful for all 
magnitudes. This shows that it is essential to 
know if the substrate contains periodic 
structures, rather than just looking at standard 
roughness measurements, if one desires an 
accurate reconstruction of grating parameters. 
For all magnitudes of this defect, we have 
several angles where the substrate amplifies 
the reflection.  
In order to asses if the changes in the 
signal caused by the imperfections are 
detectable from a scatterometry measurement, 
white Guassian noise [11] is added to all the 
simulated signals, with a signal to noise ratio of 
10 dB. Mimicking a standard scatterometry 
procedure, the modified signals are then 
compared to all unmodified signals one at a 
time, as if they were a measured diffraction 
efficiency. This is done using a chi-square 
optimization given by: 
߯ଶ = 1ܰ෍(ߟே௢௜௦௘(ߠ௜) − ߟௌ௜௠௨௟௔௧௘ௗ(ߠ௜))
ଶ
ே
௜ୀଵ
				(4) 
Where ܰ is the number of angles measured, 
ߟ୒୭୧ୱୣ is the modified signal, ߠ௜ , is the angle of 
incidence and ߟୗ୧୫୳୪ୟ୲ୣୢ are the simulated 
diffraction efficiencies for all imperfection  
classes. The simulation with the lowest ߯ଶis 
found as the best solution 
The modified signal of a sinusoidal 
grating defect with a magnitude of 42 nm and 
the best fitting simulation is seen in figure 4.  
 
Figure 4. Signal from sinusoidal defect grating 
(magnitude 42 nm) with added white Gaussian 
noise and the best fitting simulation. The best 
fitting model is found to be the original signal. 
The chi-square optimization finds the original 
signal as the best fitting solution for all signals. 
This result demonstrates the robustness of the 
method and suggests that this approach can be 
used to detect imperfections on the grating or 
the substrate, provided one has an idea of the 
imperfections that could be present on the 
fabricated sample. 
 
Conclusion 
The influences of different types of 
imperfections on diffraction gratings have been 
examined by simulating their ARS signal. This 
has been done by describing imperfections in 
the grating as periodic structures with a larger 
period. Three classes have been investigated, 
two concerning the grating and one concerning 
the substrate. It is found that a change in the 
substrate has a higher impact than a height 
variation over the grating. Furthermore, an 
inverse scatterometry analysis is used to 
reconstruct the imperfections. The results 
suggest that grating imperfections can be 
characterized from the measured ARS signal, 
given that the imperfection class is known. 
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